The purpose of this work was to screen the endophytic fungi having antitumor or antifungal activity, which were isolated from the inner barks of three kinds of pharmaceutical plants, Taxus mairei, Cephalataxus fortunei and Torreya grandis, collected from Fujian province, China. Antitumor activity was studied by the MTT assay and antifungal activity was determined by observing fungal growth inhibition. 13.4% of endophytic fungi fermentation broths displayed cytotoxic activity on HL-60 cells at and below a dilution of 1:50, and 6.4% on KB cells. 52.3% of endophytic fungi fermentation broths displayed growth inhibition on at least one pathogenic fungi, such as Neurospora sp., Trichoderma sp. and Fusarium sp. Among all endophytic fungi isolated, the genus Paecilomyces sp. has the highest positive rate of antitumor and antifungal activity. These results indicate that endophytic fungi could be a promising source for antitumor and antifungal bioactive agents. ß
Introduction
Endophytic fungi are to be found in almost all plants. These include trees, grass, algae, and herbaceous plants. Most endophytic fungi belong to the Ascomycetes and Fungi imperfecti. Under normal circumstances they live within the host plant without causing any noticeable symptoms of disease [1] . Furthermore, the endophytic fungi are not considered as saprophytes since they are associated with living tissues, and may in some way contribute to the well being of the plant. That is, the plant is thought to provide nutrients to the microbe, while the microbe may produce factors that protect the host plant from attack by animals, insects or microbes [2] . When the host is stressed, however, some endophytic fungi may become pathogenic. The delicate equilibrium between host and endophytic fungus seems to be controlled in part by chemical factors, for example, herbicidal natural products produced by the fungi versus antifungal metabolites biosynthesized by the host plant. Meanwhile, there are also documents demonstrating that many antitumor agents, such as taxol could be produced by endophytic fungi [3, 4] . Thus, the endophytic fungi are expected to be a potential source for new natural bioactive agents. However, few studies in this area have been conducted. So, further systematic investigation of endophytic fungi is necessary, because it will not only provide us with much useful ecological information, but would also be a way of ¢nding new natural products with a higher hit rate.
In China, Taxus mairei, Cephalataxus fortunei and Torreya grandis are three kinds of pharmaceutical plants. T. mairei, one major source of taxol, is under ¢rst-level protection by state law, which inhibits the development of taxol as a important antitumor medicine. C. fortunei mainly distributes in China. Up till now, four alkaloids (harringtonine, isoharringtonine, homoharringtonine and dexoharringtonine) have been isolated from Cephalataxus sinensis, Cephalataxus hainanensis and Cephalataxus oliveri, and have been developed as clinical medicines for leukemia [5] . T. grandis was used to cure ancylostomiasis in ancient China. Therefore, studies on the endophytic fungi of those pharmaceutical plants will be of great value to ecology and pharmacology. The current study focused on screening endophytic fungi with antitumor and antifungal activity isolated from T. mairei, C. fortunei and T. grandis collected from Fujian province, southeast China.
Materials and methods

Source of endophytic fungi
Bark samples of T. mairei (q = 20V80 cm) were gathered at Youxi county and Wuyi Mountain nature conservation areas, Fujian province, southeast China, at an altitude of about 800V1000 m. Bark samples of C. fortunei (q = 10V50 cm) and T. grandis (q = 30V120 cm) were gathered at Wuyi Mountain nature conservation area at an altitude of about 900 m. The bark samples, 2.0V8.0U1.0V5.0U0.3V1.5 cm (lengthUwidthU thickness), were sealed with para¢lm to preclude drying out during transport.
Isolation and identi¢cation of endophytic fungi
The microorganisms isolation procedure was done by two methods. One was described in reference [4] . In the other, the outer bark of each sample was removed with a sterilized sharp blade, treated with 70% (v/v) ethanol for 3 min, washed with sterilized water several times, and cut into pieces. Then, about 0.5-g bark pieces of each sample were ground into paste with 2 ml sterilized water. 0.1 ml bark paste was added to 15 ml melted potato dextrose agar (PDA) medium, poured into a Petri plate and cultured at 25³C. After several days, fungi were observed growing from the medium in the plates. Individual hyphal tips of the various fungi were removed from the agar plates and placed on new PDA medium, and incubated at 25³C for at least two weeks. Each fungal culture was checked for purity and transferred to another agar plate by the hyphal tip method [3] . Fungal identi¢cation methods were based on the morphology of the fungal culture, the mechanism of spore production, and the characteristics of the spores [6^8].
Fermentation and treatment of the fermentation broth
The strains were cultured in potato dextrose liquid medium for 7 days at 25³C, 120 rpm. Crude fermentation broth was blended thoroughly and centrifuged at 4000 rpm for 5 min. The supernatants were passed through a ¢ltra-tion membrane (d = 0.22 Wm, Minipore) before their bioactivity was assayed.
Detection of cytotoxic activity
The cytotoxic e¡ect of fermentation broth was tested by MTT assay. The cell lines used were ¢ve human cancer cell lines; HL-60 cells, KB cells, Hela cells, SPC-A-1 cells and MCF-7 cells. The MTT assay protocol was adapted from that described by Mosmann [9] . The optical density (OD) of the wells was measured with a microplate reader (M-3550, Bio-Rad) at 595 nm with 655 nm as reference. Growth inhibition rate was calculated by the following ID 50 was de¢ned as dilution of the TF5 culture extract that results in at least 50% of growth inhibition rate.
Determination of antifungal activity
Six pathogenic fungi (Neurospora sp., Curvularia sp., Fusarium sp., Stachytotrys sp., Verticillium sp., Trichoderma sp.) were used as indicator organisms to determine the antifungal activity of fermentation broth. Prior to testing, indicator organisms were cultured in PDA medium at 25³C. The spores of indicator organisms were diluted with melted PDA medium into 1U10 6 spores ml 31 and poured into a Petri plate. The sterilized ¢lter paper (q = 5 mm) with fermentation broth was placed on the solidi¢ed medium. After several days culturing, the inhibited diameter of indicator organisms was measured.
Result and discussion
3.1. Study of anticancer activity of endophytic fungi 3.1.1. Screening of endophytic fungi having cytotoxic activity by the MTT assay In total, 172 endophytic fungi were isolated in our survey. Among them, 107 from T. mairei, 30 from C. fortunei and 35 from T. grandis were isolated. Fermentation broths of 172 endophytic fungi were tested for cytotoxicity. Table  1 shows the number and percentage of the broths at a dilution at 1:50, displaying activity as a function of the growth inhibition rate at 50%. 13.4% of endophytic fungi cultures displayed cytotoxic activity on HL-60 cells, 6.4% on KB cells, and 5.2% on both HL-60 and KB cells. In total, 14.5% strains from three kinds of plant showed anticancer activity, which demonstrated that endophytic fungi are a reliable source for natural anticancer active compounds.
Eight broths from the cytotoxic-positive strains were chosen to study their e¡ect on the growth of ¢ve cancer cell lines and the ID 50 dilutions for these broths against cancer cells ranged from 1:50 to 1:6250. W-001 and H-036 displayed high cytotoxic activity against a total of ¢ve tested cancer cell lines, but strain W-065 and W-077 only displayed apparent cytotoxicity against HL-60 cells (Table 2) .
Identi¢cation and distribution of endophytic fungi
with anticancer activity Most active strains isolated from T. mairei, C. fortunei and T. grandis belong to six genera, such as Paecilomyces sp., Cephalosporium sp. and Tubercularia sp. (Table 3) , which indicated the diversity of endophytic fungi. Moreover, di¡erent strains display di¡erent cytotoxic activity, even some strains belonging to the same genus displayed great di¡erent cytotoxicity ( Table 2 ). The diversity of the endophytic fungi and its cytotoxicity is necessary to take into account for screening new anticancer active agents. Table 3 The genera of the fungi with antitumor activity
Genus
Anticancer strains (%) The antifungal activity is expressed by the diameter of inhibition zone, 3: inhibition zone 6 7 mm; +: 7 mm 6 inhibition zone 6 10 mm ; ++: 10 6 inhibition zone 6 15 mm, +++: inhibition zone s 15 mm.
Among those isolated endophytic fungi, some endophytic fungi belong to rare genera, such as Tubercularia sp. strain TF5, showed high cytotoxicity, and we had previously con¢rmed that strain TF5 could produced taxol [4] . In contrast, some genera have potential practical value, such as Paecilomyces sp. Our works show that Paecilomyces sp. is distributed widely in T. mairei, T. grandis and C. fortunei, some of them displayed high cytotoxicity, and others have no apparent e¡ect. Why those strains displayed di¡erent cytotoxicity is worth further systematic research.
3.2. Study on antifungal activity of endophytic fungi 3.2.1. Screening of endophytic fungi having antifungal activity Fermentation broths of all 172 endophytic fungi were tested for antifungal activity. Table 4 shows the number and percentage of the broths displaying activity as a function of the inhibition of indicator organisms. The inhibition zones ranged from 7 to 46 mm. 52.3% of endophytic fungi fermentation broths displayed antifungal activity on at least one indicator organism, which indicated that endophytic fungi could probably be developed as a new reliable source for antifungal agents. Table 5 shows the identi¢cation and antifungal spectra of selected strains with antifungal activity.
26.4% strains isolated from T. mairei displayed antifungal activity on Neurospora sp., and only 3.8% strains could inhibit the growth of Verticillium sp. 14 out of 35 endophytic fungi isolated from T. grandis displayed growth inhibition against Stachybotrys sp., 4 strains of which displayed high antifungal activity against Verticillium sp. One strain of C. fortunei displayed high antifungal activity against Neurospora sp. and Curvularia sp., which is identi¢ed as a Mortierella sp. (Table 6 ). Other genera, such as Dactylium sp. and Biospora sp., have a limited distribution in these three kinds of pharmaceutical plants. W-: From T. mairei ; H-: from T. grandis; S-: from C. fortunei. The antifungal activity is expressed by the diameter of inhibition zone, please refer to the footnote of Table 4 . Table 6 The generic distribution of endophytic fungi with antifungal activity Genus Source (%) The diversity of endophytic fungi on pharmaceutical plants indicates the ecological importance of studying the relationship between these endophytic fungi and their hosts.
